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Evidence of the association between wages and body size –typically measured by
the body mass index– appears to be sensitive to estimation methods and samples,
and varies across gender and ethnic groups. One factor that may contribute to this
sensitivity is the non-linearity of the relationship. This paper analyzes data from the
European Community Household Panel survey and uses semi-parametric techniques
to avoid functional form assumptions and assess the relevance of standard models.
If a linear model for women and a quadratic model for men ﬁt the data relatively
well, they are not entirely satisfactory and are statistically rejected in favour of semi-
parametric models which identify patterns that none of the parametric speciﬁcations
capture. Furthermore, when we use height and weight in the models directly, rather
than equating body size with the body mass index, the semi-parametric models re-
veal a more complex picture with height having additional effects on wages. We
interpret our results as consistent with the existence of a wage premium for physical
attractiveness rather than a penalty for unhealthy weight.
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Since the seminal contribution of Register and Williams (1990), evidence of a wage
penalty associated to excessive body weight has been repeatedly reported – in Denmark
(Greve, 2008), England (Morris, 2006), Germany (Cawley et al., 2005), Sweden (Lund-
borg et al., 2010), the United States (Averett and Korenman, 1996; Pagan and Davila,
1997; Baum II and Ford, 2004; Cawley, 2004; Mocan and Tekin, 2009) and continen-
tal Europe as a whole (Brunello and d’Hombres, 2007; Atella et al., 2008; Villar and
Quintana-Domeque, 2009). Other contributions have however failed to conﬁrm the ro-
bustness of this negative association in Australia (Kortt and Leigh, 2010), the United
States (Hamermesh and Biddle, 1994; Norton and Han, 2008) and across European coun-
tries (Fahr, 2006; Atella et al., 2008). Overall, ﬁndings from the literature suggest that the
signiﬁcance of this association differs widely across gender and ethnic groups (Averett
and Korenman, 1996; Cawley, 2004; Han et al., 2009; Mocan and Tekin, 2009) and is
sensitive to the choice of estimation methods and data considered.1
One factor that may account for the lack of robustness of these ﬁndings is the likely
non-linearity of the relationship between body size and wages, which if not modeled ap-
propriately may lead to attenuated or misleading associations (as if, e.g., one were ﬁtting
a linear regression through an inverted U-shape relationship). A number of pathways
explaining how obesity may translate into lower wages (such as strict productivity ar-
guments or personal prejudice factors) have been hypothesized and empirically tested
(Baum II and Ford, 2004; Han et al., 2009; Lundborg et al., 2010), but the literature does
not provide clear guidelines regarding the shape of this association. Most studies have
relied on simple parametric wage models with the Body Mass Index (BMI) — deﬁned as
a person’s weight (in kilograms) divided by her height (in meters) squared — included as
a regressor along with human capital and job-related characteristics. The two most com-
mon speciﬁcations either assume a linear association between BMI and (the logarithm
of) wages or allow for a non-linear relationship by categorizing BMI using conventional
clinical thresholds to capture whether individual respondents are obese, overweight or
underweight. The latter speciﬁcation is intuitively appealing as it allows for differential
wage effects of body mass for deviations above or below clinically recommended val-
ues. However, it may still suffer important shortcomings. The discretization of the BMI
1For instance, Han et al. (2009) recently reported a signiﬁcant negative association for females in the
US using 13 years of data from the NLSY79 which includes respondents aged 18–43 over the 1991–2000
period. In contrast, Norton and Han (2008) did not ﬁnd any signiﬁcant effects using the third wave of the
NLSAH which covers respondents aged 18–26 in the 2001–2002 period. Furthermore, the signiﬁcance of
the association may also be sensitive to the measure of body weight considered (Wada and Tekin, 2007;
Burkhauser and Cawley, 2008).
1variable is somewhat arbitrary as there is no a priori guarantee that conventional clini-
cal thresholds are adequate to pick up levels where obesity starts affecting wages. For
instance, it is not unreasonable to believe that moderate deviations of BMI around a cen-
tral value or within a socially accepted range (possibly outside clinically recommended
ranges) do not trigger an immediate wage penalty. Mis-locating ‘turning points’ in the
relationship between BMI and wages will lead to an attenuation of the estimated impact
of obesity on wages. In addition, a piecewise constant speciﬁcation does not identify
differential wage effects of body size within BMI categories.
This paper addresses these concerns by estimating partial linear regression models
that allow us to examine the shape of the BMI-wage relationship without imposing func-
tional form assumptions. Two recent studies have adopted this approach to examine this
association in China (Shimokawa, 2008) and in the United States (Gregory and Ruhm,
2009). Our analysis revisits in a similar fashion the association between BMI and wages
in Europe, and assesses the suitability of standard parametric models. To preview our
results, we ﬁnd that a linear model describes the association for women reasonably well
while it is better captured by a quadratic model for men. The ﬁt of parametric models
is however far from fully satisfactory and the semi-parametric models identify patterns
that none of the parametric speciﬁcations can capture. In particular, we observe, espe-
cially among Northern European men, that body size has no effect on wages over a broad,
median BMI range (which does not coincide with classic BMI classiﬁcations), but bites
strongly outside of this range.
The discussion of functional form speciﬁcations can be taken further, however. It
often goes unnoticed that using the BMI as a measure of body size in effect imposes a
speciﬁc relationship between height, weight and wages. There has been little concern
about the validity of this approach.2 A further contribution of this paper is to take advan-
tage of the semi-parametric approach to examine how height and weight relate to wages
without using the BMI functional form. By using a bivariate extension of the partial linear
model adopted in Shimokawa (2008) and Gregory and Ruhm (2009), we are able to test
whether a non-parametric function associating freely weight and height to wages is signif-
icantly different from a non-parametric function associating BMI to wages. This allows
us to check whether the BMI functional form reliably captures the relationship between
body size and wage. Perhaps unsurprizingly given recent evidence of a height-related
wage premium –see, inter alia, Case and Paxson (2008)–, we ﬁnd a signiﬁcant indepen-
dent effect of height after controlling for BMI. This suggests that considering BMI alone
is too restrictive to fully capture the complexity of the association between body size and
2Kan and Lee (2009) is a recent exception. They adopted a similar approach than the one used in this
paper to re-estimate the wage effects of weight among US white females on the sample of Cawley (2004).
2wages. This, in turn, may also account for the limited robustness of the empirical ﬁndings
on BMI and wages.
Parametric and semi-parametric models of body size and wages are detailed and dis-
cussed in Section 2. Our sample from the European Community Household Panel is
described in Section 3 along with a review of existing evidence. Estimation results are
shown in Section 4. Section 5 concludes with a discussion of our results.
2 Modeling body size and wage
2.1 Model speciﬁcations
Virtually all studies of the wage effects of body size estimate a wage equation which can
be embedded in the following model:
yi = Xi + g(hi;wi) + ei (1)
where yit is the logarithm of individual i hourly wage, Xi is a vector of individual at-
tributes affecting wage (such as education, work experience), and ei is a residual term.
The bivariate function g(hi;wi) captures the effect of body size on wage where body size
is a function of height (hi) and weight (wi). The vast majority of studies summarize body
size from height and weight using the body mass index, so the bivariate g(hi;wi) can be
reduced to the univariate function f(wi=h2
i)  f(BMIi), and equation (1) becomes:3
yi = Xi + f(BMIi) + ei: (2)
At this point, studies differ in the speciﬁcation of f. Most of them make further
3See the early contributions of Register and Williams (1990), Averett and Korenman (1996) or Pagan
and Davila (1997) and more recently Baum II and Ford (2004), Cawley (2004), Cawley et al. (2005),
Conley and Glauber (2005), Morris (2006), Brunello and d’Hombres (2007) and Atella et al. (2008) among
many others. Only some recent studies have considered more complex measures of body mass. Wada and
Tekin (2007) used alternative measures of body composition from bioelectrical impedance analysis (BIA) to
measure body fat, and Burkhauser and Cawley (2008) discussed the appropriateness of the BMI as measure
of body fat.




or adopt a piecewise constant speciﬁcation using categories for being underweight, over-
weight or obese according to conventional clinical classiﬁcation,5
f
II(BMIi) = 11(BMIi  18:5) + 21(25  BMIi < 30) + 31(BMIi  30);
where 1() evaluates to 1 if the expression in brackets is true and 0 otherwise. This
second speciﬁcation is somewhat more ﬂexible since it allows for non-linearity in the
wage–bodymassrelationship. However, thereisnoguaranteethatBMIcategoriesderived
from medical evidence on increased morbidity are meaningfully related to the way wage
is associated to body size. Two recent studies on Danish and US data allowed non-linear








These last two speciﬁcations allow for a potential wage penalty for either low (under-
weight penalty) or high BMI (overweight penalty) or both. Nevertheless, these parametric
assumptions remain relatively strict and violations may yield mis-speciﬁcation bias.
A more ﬂexible semi-parametric approach in which the wage effects of BMI enters
the wage equation non-parametrically has recently been considered by Shimokawa (2008)
and Gregory and Ruhm (2009). In this case,
f
IV(BMIi) = ^ f(BMIi)
where ^ f is an unknown, smooth function estimated along with the  parameter vector.
Unlike parametric models, this speciﬁcation does not constrain the shape of the associa-
tion between BMI and wage. It allows for different penalties for underweight, overweight
and obesity, it does not impose single-peakedness (so that no wage difference may be
seen for broad ranges of BMI, for example), and it does not rely on any pre-determined
thresholds to deﬁne underweight, overweight or obesity.
4As in Cawley (2004); Cawley et al. (2005); Morris (2006); Brunello and d’Hombres (2007); Norton
and Han (2008).
5Recent studies which have adopted this speciﬁcation include Cawley (2004), Cawley et al. (2005) and
Fahr (2006). Others have restricted their focus on overweight and obese respondents (Norton and Han,
2008; Han et al., 2009) or have limited the scope of their study to the obese (Baum II and Ford, 2004).
4While this last speciﬁcation is ﬂexible, it still rests on the modeling assumption that
combining height and weight into the body mass index and including the latter in a wage
regression adequately describes the relationship between wage and body size. However,
there are reasons to conjecture that height alone has an independent effect on wages since
height tends to be associated with factors such as physical attractiveness, strength or cog-
nitive ability that affect wages (Steckel, 1995; Case and Paxson, 2008; Cinnirella and
Winter, 2009). As in Kan and Lee (2009), we question this fundamental assumption
by considering a model in which both height and weight enter the wage equation non-
parametrically and not through the body mass index; that is, we specify directly
g(hi;wi) = ^ g(hi;wi)
in equation (1), where ^ g is an unknown smooth, bivariate function which is estimated
along with the  parameters. This allows us to identify potential mis-speciﬁcation in the
use of the BMI index in the wage equation.
2.2 Estimation and speciﬁcation tests
While estimation of the fully parametric models is standard, the ﬂexible speciﬁcations for
^ f and ^ g require semi-parametric estimators. Alternative estimators of such ‘partially lin-
ear’ models can be chosen from. We adopt Yatchew’s (1997) differencing estimator (see
also Yatchew, 2003). Popular alternatives is the more computationally intensive ‘double
residual’ estimator (Robinson, 1988) or estimation based on smoothing splines (Ruppert
et al., 2003; Wand, 2003). In our large sample application, these three estimators resulted
in almost identical results and our choice was eventually guided by ease of implementa-
tion.
Differencing estimation of equation (1) is a two-step procedure. The ﬁrst stage in-





where X = (X1;X2;:::;Xn)T, y = (y1;y2;:::;yn)T, and D is an ‘optimal’ differenc-
ing matrix (deﬁned in Yatchew (1997)) applied after ordering the data according to BMI
(univariate model) or hi and wi (bivariate model). The covariance matrix of ^ D is given
by












diff = n 1^ v0^ v is the residual variance of the differenced regression, ^ v = Dy  
DX ^ D and m is the order of differencing.6 The second stage involves estimation of
the non-parametric component ( ^ f or ^ g) by regressing non-parametrically the ﬁrst-stage
residuals ^ vi on BMIi or on wi and hi using, e.g., local polynomial regression (or any
standard non-parametric regression). See Yatchew and No (2001) for an application of
this technique.
The differencing approach offers a straightforward way to test parametric speciﬁ-
cations against ﬂexible non-parametric estimates. Let (z;) be a parametric function
with parameters  (such as fI, fII, or fIII deﬁned above). Under the null hypothesis that














res = n 1 ^ wT ^ w is the residual variance in the parametric model, ^ w = y   X ^   
(z; ^ ) (Yatchew, 2003, p.63). Note that, because it relies on the differencing principle,
computation of the test statistic does not depend on estimation of the unknown f function
but only of the fully parametric model and of the ^ D parameters of the linear components
in the semi-parametric model. This speciﬁcation test allows us to formally test our various
speciﬁcations against each other.
3 Data
3.1 BMI and wages in the European Community Household
Panel survey
Our study exploits longitudinal data extracted from the European Community House-
hold Panel survey (ECHP).7 The ECHP survey is a large-scale, general-purpose panel
6The variance expression is valid provided ‘optimal’ differencing weights are used to construct D. See
Yatchew (1997, 2003) for details. Heteroscedastic-consistent, ‘robust’ standard errors can be estimated
using the classic ‘sandwich’ formula. See Yatchew (2003, p.72) and StataCorp (2007). Our estimates are
based on optimal differencing weights at the order 100, with robust standard errors.
7The public-use ECHP database was created, maintained and centrally distributed by Eurostat. See
EUROSTAT (2003) or Lehmann and Wirtz (2003) for more information on the database, and Peracchi
(2002) for an independent critical review. All our results are based on the ﬁnal release (April 2004) of the
ECHP Users’ Database.
6survey run in ﬁfteen EU countries over the period 1994–2001. The database contains a
wide range of household- and individual-level information on income and living condi-
tions, employment, education, health, demographic characteristics. In the last four waves
(1998–2001), the ECHP included information on respondents’ height and weight.
Several studies have recently used the ECHP to document the wage effects of body
mass in Europe. In a regression model where BMI enters a log-wage equation linearly,
Brunello and d’Hombres (2007) found existence of a signiﬁcant European wide wage
penalty to obesity –of greater magnitude for men. In contrast, relying on a piecewise con-
stant speciﬁcation in BMI capturing whether a respondent is underweight, overweight or
obese according to clinical thresholds, Atella et al. (2008) suggested that this European
wide wage penalty only affects overweight and obese females. Fahr (2006) further in-
vestigated non-linearities in this association with a model which allows to disentangle the
independent wage effects of deviations from both socially accepted body mass and medi-
cally recommended thresholds. His results suggest that deviations from medically recom-
mended BMI are more hurtful to female earnings than deviations from social norms.8 The
opposite observation seems to hold for men. This is broadly consistent with Atella et al.’s
(2008) ﬁnding of a more signiﬁcant negative wage penalty for overweight and obese fe-
male respondents since they deﬁned BMI categories according to conventional clinical
thresholds. It is also consistent with the claim that BMI score may capture more accu-
ratelyexcessivebodyfatnessinfemalesthaninmales(WadaandTekin,2007;Burkhauser
and Cawley, 2008). Fahr (2006) still relied, however, on normative assumptions regarding
what constitutes socially acceptable BMI scores or more generally, continued to rely on
ad hoc assumptions regarding the location of potential turning points shaping the BMI
wage association.
Differences in methodology and sample selection make it difﬁcult to readily com-
pare the results reported in Fahr (2006), Brunello and d’Hombres (2007) and Atella et al.
(2008). However, the estimated wage effects of BMI reported in these studies are consis-
tent with the view that the association between BMI and wage is likely nonlinear, differ
across gender, and that a speciﬁcation based on clinical thresholds might not optimally
capture important turning points in its true relationship.
8In this context, a socially acceptable BMI is assumed to be determined by the median regional BMI
adjusted for gender and broad age groups.
73.2 Sample deﬁnition
As in Fahr (2006), Brunello and d’Hombres (2007) and Atella et al. (2008) our sample
is restricted to waves and countries that provide valid data on respondents’ weight and
height, that is, for Austria, Denmark, Finland, Ireland, Italy, Greece, Portugal and Spain in
the years 1998 to 2001, leading to a raw sample of approximately 280,000 observations.9
In the ECHP, respondent’s BMI is calculated from self-reported measures of height
and weight. It is well-known that self reported height and weight are measured with er-
rors.10 Following Atella et al. (2008), we drop respondents with a reported BMI below 15
(147 observations) and over 50 (201 observations). As pointed out by Sanz-de-Galdeano
(2005) and Brunello and d’Hombres (2007), the absence of true height and weight data
for the countries under study prevents us from applying further corrective methods such
as the one proposed by Cawley (2004). We use the longitudinal nature of our data, how-
ever, to remove from our sample individuals reporting either clearly inconsistent height
or highly suspicious weight using variations in reported height and weight across waves.
This is done by comparing period t weight (or height) for respondent i to her average
height (or weight) reported in all other periods.11 We drop all observations with a differ-
ence in height larger than 5 centimeters or a difference in weight of 12 kilograms or more,
compared to other period average. Interestingly, the rates of inconsistent self-reporting do
not seem to differ signiﬁcantly across gender but varies greatly across countries.12
We restrict our sample to all employees (not in agriculture) working at least 15 hours
per week. To prevent estimates from being driven by a limited number of outlying ob-
servations, we also drop respondents with hourly wage either less than 1.5 euros (251
observations) or over 50 euros (72 observations). For comparability with Atella et al.
(2008), we keep all respondents between 25 and 64 years of age. The resulting sample
includes 43,300 male and 33,501 female respondents with non-missing data on wage and
all relevant explanatory variables including age, indicator variables for being married,
the highest level of completed education, reporting being in poor or bad health, being a
smoker, working part-time and four occupation group dummies.13 The dependent vari-
9Unlike earlier studies, we also exclude Belgium due to the abnormally large number of missing data on
respondents’ main sector of activity and occupation in waves 5 and 6.
10See Danubio et al. (2008) for a recent comparison study between self-reported and measured height
and weight among young Italian adults.
11A similar procedure is adopted by Fahr (2006).
12For instance, this procedure leads us to reduce our female sample by just 0.74% in Finland but as much
as 11.7% in Spain. All numbers are available from the authors upon request.
13Our occupational group dummy variables were constructed by grouping nine occupational categories
available in the ECHP User database into four groups which we label Professional, Clerks, Craft and
Elementary, which broadly reﬂect decreasing skill requirements.
8able of our wage models is the natural logarithm of hourly wage expressed in constant
1996 PPP euros.14
3.3 Descriptive statistics
Summary statistics of our sample are reported separately for male and female respondents
living in Northern European countries (Table 1) and Southern European countries (Table
2). According to clinical thresholds, the average European man is overweight with a
mean BMI just under 26. European women report on average a healthier BMI just over
23 in the south and just over 24 in the north. The distribution of the population by BMI
categoriesrevealsthatmorethanhalfofallmalerespondentsinoursampleareoverweight
or obese. This observation broadly holds across regions and countries. Obesity rates vary
signiﬁcantly across countries ranging between just under 7% in Italy to over 12% in Spain
for males and between just over 3% in Italy and just over 10% in Finland for females.15
The incidence of underweight among males is extremely low in all countries. Our
pooled sample of Southern European (Northern) countries, only includes 79 (29) under-
weight male respondents. This implies that the wage effect of underweight males in each
separate country would be identiﬁed on just a few cases. While the incidence of un-
derweight is higher among females at about just over 2.5% in Northern Europe (or 356
observations) and just over 4% (or 798 observations) in Southern Europe, the number of
underweight respondents in each separate country remains small.16 As a result, we limit
our analysis to the estimated wage effects of body size for the pooled samples of Southern
–Greece, Italy, Portugal and Spain– and Northern European countries –Austria, Denmark,
Finland and Ireland– separately. As in Brunello and d’Hombres (2007), the implicit as-
sumption behind this pooling is that these Southern and Northern European countries
share some unobserved regional cultural traits. However, since we dropped Belgium, our
pooled sample of Northern European countries is not strictly comparable to their so called
beer belt countries.17
Figure 1 compactly presents the distribution of the population and the unconditional
average hourly wages by BMI levels, separately by gender, for the pooled samples of
Northern and Southern European countries. The ﬁgure conﬁrms that a large share of male
14We have constructed hourly wage following Arulampalam et al. (2007), that is, as gross monthly earn-
ings from main job including overtime divided by 4.5 times weekly hours in main job including overtime.
15Note that the incidence of obesity in our sample is largely consistent with the numbers reported by
Atella et al. (2008) using the same age sample restriction than this study.
16With the exception of Italy and Spain due to their larger samples and higher incidence of underweight
respondents.
17Single country results are available from the authors upon request.
9respondents in our sample is concentrated in the 24–26 BMI range and a large share of fe-
males is found in the 21–23 BMI range in both regions. Interestingly, the (unconditional)
BMI–wage proﬁles of females peak at a relatively low BMI level (around 22) and only
decline modestly thereafter regardless the region considered. Heavier females in South-
ern Europe, however, appear to experience a somewhat more important wage penalty. In
contrast, the wage proﬁles of males peak at higher BMI scores (around 26) without sig-
niﬁcantly decreasing thereafter. Furthermore, it is worthwhile to note that males with low
BMI – not necessarily in the unhealthy range – appear to earn signiﬁcantly less than any
other male respondents – more so in Northern Europe.
Overall, these descriptive plots suggest that important turning points of the uncondi-
tional wage function likely differ across gender and are not usually occurring at points
consistent with commonly used clinical thresholds. In particular, female wages usually
peak at a much lower BMI score than males and, unlike the latter, appear to consistently
monotonically decrease as BMI increases thereafter.
4 Estimation Results
4.1 Parametric Results
We ﬁrst replicate earlier work and estimate equation (2) parametrically by assuming that
BMI enters the wage equations (A) linearly, (B) as a quadratic function and (C) as piece-
wise constant in BMI categories. Parametric estimates from these regressions provide
convenient benchmarks to contrast our results with earlier ECHP studies and to com-
pare the expected wage function obtained semi-parametrically. Our baseline model in-
cludes demographic and human capital controls which are thought to be potentially BMI-
determined. The latter includes a quadratic function of age, indicator variables for educa-
tional attainment (one for secondary and one for tertiary education), being married, being
in bad health,18 being a smoker and a set of time and country dummies. Our second spec-
iﬁcation adds job related characteristics to the baseline speciﬁcation including indicator
variables for part-time work, whether a respondent works in the private sector and a set
of four occupational group dummy variables.
Coefﬁcient estimates are reported in Table 3 separately for females and males. The
ﬁrst two columns report the estimated wage effects from our two model speciﬁcations on
18Conventionally deﬁned as when respondents self-report being either in poor or very poor health.
10the pooled sample of Northern European countries followed by the estimated wage effects
in Southern Europe. Our discussion, primarily focus on the pooled sample estimates from
the less parsimonious model speciﬁcation (Model 2).
Estimates from the linear model do not reveal any signiﬁcant association between
wage and BMI among males. In contrast, we ﬁnd a signiﬁcant wage penalty among
females, but an effect relatively small in magnitude. In particular, a 10% increase in the
BMI of female respondents is associated with a modest decrease in wages of about 0.48%
in Northern Europe and about 0.93% in the South. The insigniﬁcant linear wage effect
of BMI for males, however, appears to mask a more complex association. As pointed
out by Gregory and Ruhm (2009), if individual BMI is negatively associated with both
being obese and underweight –as suggested by our unconditional wage proﬁles– , linear
estimates may misleadingly suggest the absence of a signiﬁcant association. Once we
model the wage effect of BMI with a quadratic form, we ﬁnd a statistically signiﬁcant
inverted U-shaped association for males. The peak in the relationship is found at a BMI
of about 27 or 28 in both Northern and Southern Europe. We do not ﬁnd a statistically
signiﬁcant quadratic wage effect for females. Male estimates from the piecewise constant
model with BMI categories corroborate the existence of an inverted U-shaped association
for males by indicating the existence of a wage penalty for being underweight or obese
and a premium for being overweight. These estimates, however, are only statistically
signiﬁcant in Northern Europe for underweight and overweight respondents and never
signiﬁcant in Southern Europe.19
Taken together, we interpret these results as evidence that the association between
BMI and wage might be inverted U-shaped for males with a peak at a BMI level in the
overweight range. Clinical thresholds deﬁning BMI categories do not seem to capture
accurately critical turning points in this association; possibly more so, in Southern Eu-
rope. These results corroborate recent evidence found in Germany (Cawley et al., 2005)
and Denmark (Greve, 2008) and are consistent with previous ECHP-based estimates by
Fahr (2006) and Atella et al. (2008). In contrast, estimates reveal that overweight or obese
females earn signiﬁcantly less than those in the clinically recommended BMI category.
These estimates, however, are only signiﬁcant in Southern Europe indicating that over-
weight and obese female earn about 2.7% and 5% less than their ‘healthy ’ counterparts.
This regional difference is consistent with Brunello and d’Hombres (2007) ﬁnding of a
stronger association in so called olive belt countries.20 These results provide support for
19Estimates based on single country samples corroborate pooled sample estimates in signs and magnitude
but, not unexpectedly given the small sample sizes, are usually insigniﬁcant for both males and females.
These results are available upon request.
20As pointed out by Brunello and d’Hombres (2007), this regional difference might just be the result of
thesmallersamplesizeinNorthernEurope. Ourmoreparsimoniousspeciﬁcationsuggeststheexistenceofa
11the existence of a monotonically decreasing wage effects in BMI for females as implied
by the linear model.
4.2 Semi-parametric model estimates of the BMI-wage
relationship
As argued in the Introduction, parametric regression results may mask the complexity
of the functional relationship between wage and BMI. There is interest in considering
an unconstrained speciﬁcation to check whether sufﬁcient ﬂexibility is achieved with a
quadratic or a classic piecewise constant parametric model.
Our non-parametric estimates of the effect of BMI on log-wage are presented graphi-
cally, separately for males and females in Northern (Figures 2 and 3) and Southern Europe
(Figures 4 and 5). Each ﬁgure presents the BMI-wage proﬁles implied by our two model
speciﬁcations (the parametric components are estimated as explained in Section 2.1). For
each level of BMI on the x-axis, the plots show the expected log-wage as given by equa-
tion (2), that is, E(log(y)j  X;BMI) =  X ^  + ^ f(BMI), where  X is the vector of means of
other covariates in the sample considered and ^  and ^ f are the model estimates. We over-
lay estimates from the semi-parametric model over predictions implied by the parametric
estimates presented in the previous section. Point-wise 90 percent conﬁdence bootstrap
variability bands for the predicted BMI-wage proﬁle from the semi-parametric model are
represented by the vertical bars around the predictions.21 The red bars at the bottom of
each graph are kernel density function estimates of the distribution of BMI in the sample.
Our semi-parametric results corroborate our earlier conjecture that the association
between BMI and wage reveals an inverted U-shaped for Northern European males (see
Figures 2). However, while the quadratic results suggested a single peak at a BMI of about
28, the semi-parametric estimates rather suggest that there is a plateau with maximum
wage in the range 24–31 and a penalty above or beyond these. This suggests that there
is a wage penalty for people beyond a ‘normal’ body size. The linear model is clearly
misspeciﬁed. The quadratic model underestimates the wage penalty beyond the ‘normal’
statistically signiﬁcant wage penalty of about 2.2% and 3.9% for overweight and obese females in Northern
Europe. Alternatively, it might also reﬂect a true North-South differences in norms making clinical BMI
thresholds less relevant for Northern European female respondents.
21We implemented the repeated half-sample bootstrap algorithm of Saigo et al. (2001). To take into
account the stratiﬁcation of the survey we resample within stratum identiﬁed in the data (for Ireland, Spain,
Portugal and Finland) or within NUTS-1 level region if detailed stratum identiﬁer are not provided in the
public-use dataset (all other countries). The resampling unit is the wave 1 household, so that all dependence
of responses for same household respondents and for repeated responses over time is properly taken into
account. All estimates reported are based on 500 replications.
12range. The piecewise constant model fails to capture the variations within the ‘healthy’
(20–24) and ‘obese’ (above 30) ranges.
Figure 4 reveals quite a different expected wage proﬁle for Southern European males.
There is no plateau, but the proﬁle is not more quadratic. Surprisingly, we also observe
an inﬂection point at BMI around 32 suggesting the existence of a large obesity premium
for Southern European males (which is not at all apparent in the obesity dummy in the
piecewise constant speciﬁcation). Extremely few observations are observed with a BMI
above 32 however. Interestingly, single country ﬁgures (not reported here but available
upon request from the authors) indicate that this surprising wage increase in Southern
Europe is not conﬁned to a single outlying country but is observed consistently in Italy,
Portugal and Spain.
Figures 3 and 5 globally corroborate our earlier parametric estimates indicating a
general decline in expected wage with BMI for females. But note that the non-parametric
estimates show the existence of a peak at a BMI of about 21 (for Northern European
women) or 22 (for Southern European women). There is therefore also a penalty for
underweight among females, yet a much smaller one than the penalty for overweight or
obesity.
In sum, while the overall relationship seem to be relatively well approximated by a
quadratic model for men and a linear model for women, the non-parametric estimation
reveals ﬁne details that are missed by all other models. Formal tests based on equation (3)
of the null hypothesis of equality of the non-parametric curves with any of the parametric
models considered, all strongly support rejection.22
4.3 Modeling body size without the body mass index
We ﬁnally consider the predicted wage effects from body size when the latter is cap-
tured by a smooth function of height and weight estimated non-parametrically, rather
than through the body mass index. Our motivation is to test whether the parametric asso-
ciation between weight and height in effect implied by the BMI functional form –weight
in kilograms over height squared– adequately relates the combined effects of height and
weight on wages. To achieve this, we have estimated directly the bivariate function g of
equation (1) using the same partial linear model as in the previous sub-section. The key
difference is that the non-parametric component is now an unspeciﬁed, smooth, bivariate
22Test statistics are not reported here to save space (all p-values are well below 0.001) but are available
from the authors upon request.
13function of height and weight instead of a univariate function of BMI.
Figures 6 to 9 illustrate the differences between the expected wage proﬁles implied
by this model with the one relying on the BMI functional form. Each element in these
ﬁgures illustrate the relationship between height and log-wage for a ﬁxed level of BMI
in f18;20;22;24;26;28;30;32;34g. After ﬁxing the BMI level, the height–wage rela-
tionship is constant in the univariate BMI-based model, while it may vary in the ﬂexible,
bivariate model if height has an independent effect on wage after ﬁxing the BMI level.
Figures therefore illustrate the presence of this independent effect of height by plotting
the difference in expected wage obtained from the two models at different levels of height
for each selected BMI:
(h;BMI;  X) = E
g(log(y)j  X;h;w = BMI  h
2)   E
f(log(y)j  X;BMI) (4)
where
E
g(yj  X;h;w = BMI  h
2) =  X ^ 




f(yj  X;BMI) =  X ^ 
f + ^ f(BMI):
Whenever (h;BMI;  X) is positive, this is indicative of an additional wage premium for
people of height h. Observing any signiﬁcant deviation of (h;BMI;  X) from zero is
therefore indicative that the univariate model relating body size to wage is too restrictive
and does not adequately describe the relationship between height, weight and wage.23
Except for the Southern European women, there appears to be a clear positive and
signiﬁcant association between height and weight, at most levels of BMI (see Figures 6
to 9). In particular, men of below average height are exposed to a statistically signiﬁcant
wage penalty in both the Northern and Southern European samples. This adverse height
effectisstrongerforrelativelylowBMIlevels. Forinstance, ourestimatessuggestthatthe
expected wage of a short, 1.65m tall, European man (either from the North or the South),
with a BMI in the 22–26 range, is between 3% to 6.5% lower than the expected wage
implied by the less ﬂexible BMI model which does not consider height separately. It is
also worth noting that this estimated wage penalty for below average height is decreasing
with BMI.
In contrast, Northern European women of above average height enjoy a signiﬁcant
wage premium. For instance, the expected wage of a woman who is 1.80 m tall with a
23Vertical bars are point-wise 90 percent conﬁdence bootstrap variability bands. See infra for details on
the bootstrap resampling algorithm.
14BMI of 22 is approximately 6% higher than the expected wage implied by our less ﬂexible
model. This wage premium rises to 10% for a clinically overweight woman with a BMI
of 26 and 12% for clinically obese women with a BMI of 30.
5 Discussion
All ECHP studies which investigate the association between body size and wage in Eu-
rope (Fahr, 2006; Brunello and d’Hombres, 2007; Atella et al., 2008; Villar and Quintana-
Domeque,2009)relyontheBMItomeasurebodysize. Inthisregard, thesemi-parametric
estimates reported in this study shed further light on the nature of this association in Eu-
rope and strengthen our current understanding of the relationship between height, weight
and wage in general.
Bothourparametricandsemi-parametricresultssuggestthatformalestheassociation
between BMI and wage is, broadly speaking, an inverted U-shaped peaking in overweight
territory, but a shape that cannot be adequately reduced to a quadratic relationship. Our
results also suggest that, for males, being too thin might be more detrimental than being
obese. These results are in line with Atella et al. (2008) pooled sample OLS estimates for
Europe at large (Table 3, page 311), and Cawley (2004) OLS estimates for the US.
In contrast, female wages seem to peak in healthy BMI territory (around 22) and to
decrease monotonically thereafter. This ﬁnding is consistent with the large number of US
(parametric) studies either reporting a signiﬁcant linear negative association with BMI
(Cawley, 2004) or a signiﬁcant wage penalty for obesity (Baum II and Ford, 2004; Han
et al., 2009). Likewise, our female results are consistent with Atella et al. (2008) pooled
OLS estimates for Europe at large (Table 2, page 310).
Interestingly, our semi-parametric estimates fully corroborate Gregory and Ruhm
(2009) recent semi-parametric analysis for the US. In particular, Gregory and Ruhm
(2009) also ﬁnd that “women’s wage peak at BMI of 23 or lower.” They interpret this
ﬁnding as possible evidence for the existence of a wage premium for physical attractive-
ness rather than a wage penalty reﬂecting the adverse (health) effects of unhealthy weight
since respondents start experiencing a signiﬁcant wage penalty at BMI levels well below
conventional thresholds deﬁning unhealthy weight. In this context, BMI becomes a proxy
for societal views on physical attractiveness which in turn is rewarded in the market. Early
contributions by Loh (1993) and Hamermesh and Biddle (1994) show the existence of a
beauty premium in the US labour market. The wage penalty incurred by obese females
may mirror the penalty for deviating from a socially acceptable weight. Our estimates
15could therefore suggest that the socially acceptable bmi of European females is approx-
imately 22 - deviations from this ideal physical trait is associated with lower earnings,
possibly of larger magnitude in Southern Europe.
Similarly, our analysis shows that males wage peak in the mostly overweight BMI
range 24–31 in Northern Europe. This result is again consistent with the existence of
a wage penalty triggered by deviations from socially acceptable weight which, for the
case of males, would be determined by the average (or median) BMI of the working
population. In this context, it is therefore not surprising that being too thin is associated
with a signiﬁcant wage penalty since the European males included in our sample are on
average slightly overweight. This is consistent with Fahr (2006) who posits that, in some
European countries, social norms “set the relevant standard to evaluate men’s physical
appearance.”24 While we ﬁnd a comparable pattern in Southern Europe, the sudden wage
premium enjoy by men with a BMI over 32 is rather puzzling. It is, however, again
consistent with the view that the association between BMI and wage is not necessarily
driven by the adverse health effects of abnormal weight.
Finally, our fully ﬂexible model reveals that shorter males suffer an additional signif-
icant height penalty independent of BMI and that Northern European females of above
average height enjoy a wage premium. The existence of a height-wage premium is now
a well documented empirical regularity. Recent height studies have consistently docu-
mented that taller workers earn signiﬁcantly more than their shorter counterparts in Aus-
tralia (Kortt and Leigh, 2010), Germany (Heineck, 2005), the UK (Case et al., 2009) and
Europe at large (Cinnirella and Winter, 2009). The existence of differences in cognitive
skills between shorter and taller workers is one possible pathway explaining this height-
wage premium (Case and Paxson, 2008). In a recent European study, Cinnirella and
Winter (2009) argue that, without being exclusive, a large part of this premium could also
be due to employer discrimination. While we do not formally explore these issues, we
believe that overall, results from our most ﬂexible speciﬁcation are also consistent with
the existence of a premium for physical attractiveness.
In sum, our study corroborates the view that the shape of the BMI association dif-
fers across gender and suggests that the BMI functional form may be too restrictive to
adequately capture the complexities of the association between height, weight and wages
for men. As Gregory and Ruhm (2009), we posit that this association could be driven by
physical attractiveness rather than unhealthy weight. In this context, gender differences
stem from differences in judgment regarding desirable body types. A good height might
be more important than an healthy weight for males while an healthy BMI is more desir-
24Fahr (2006) deﬁnes social norm as the gender, age group and region speciﬁc median BMI.
16able for females. This conjecture is consistent with Rooth (2010) who ﬁnds that obese job
applicants in Sweden experience lower call back rates and that this differential treatment
is mostly driven by obesity for women and attractiveness for men. However, one needs to
keep in mind that, even if signiﬁcant, the estimated wage effects of body size reported in
this study are overall fairly small.
Unlike Gregory and Ruhm (2009), our data do not allow us to control for endogene-
ity of BMI in the semi-parametric setting. This makes it difﬁcult to give a strictly causal
interpretation to the estimated wage effect of body weight discussed in this study. Re-
verse causality and the possibility that body weight could be correlated with unobserved
factors also affecting wages are the two main sources of endogeneity bias identiﬁed in the
obesity literature. Reverse causality is usually controlled for by instrumenting contem-
poraneous BMI with a sufﬁciently distant BMI measure (Gortmaker et al., 1993; Averett
and Korenman, 1996; Cawley, 2004; Gregory and Ruhm, 2009). As in other ECHP stud-
ies (Brunello and d’Hombres, 2007; Atella et al., 2008), we are not able to control for
this potential source of bias since our exploitable longitudinal sample only covers three
years of data. However, most of these studies ﬁnd that the estimated wage effect of body
weight using a lagged measure of BMI is virtually identical to that using current BMI
score. The obvious response to the second source of bias is again to use instrumental
variable estimation techniques. While implementing such strategy is empirically straight-
forward, identifying strong instruments turns out to be challenging. A vast majority of
studies that adopted instrumental variable estimation (Cawley, 2004; Cawley et al., 2005;
Brunello and d’Hombres, 2007; Norton and Han, 2008; Gregory and Ruhm, 2009) have
used the BMI of genetically related family members following Cawley (2004). These
studies usually ﬁnd that controlling for potential endogeneity does not affect their results
substantially.25 In addition, the reliability of IV estimates using the body weight of a
genetically related family member as instrument on ECHP data has been forcefully ques-
tioned by Atella et al. (2008). The latter is suspected to yield signiﬁcant bias on ECHP
data due to severe non-random sample selection (see Atella et al., 2008, for further dis-
cussion) from imposed sample restrictions. Given this concern and in the absence of any
convincing alternative instruments in our data, we deliberately do not address the poten-
tial endogeneity of weight (or BMI) in this study. Caution should therefore be exercised
to give a fully causal interpretation to the estimates of wage effects of body size presented
in this paper.
25See Kortt and Leigh (2010) for a comprehensive survey of previous IV studies.
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24Figure 1: Body mass and wage of working men and women in Northern Europe (top) and South-
ern Europe (bottom)
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Population proportion (histogram) and expected wage (lines)
Body mass and wage of working men and women in Northern Europe
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Population proportion (histogram) and expected wage (lines)
Body mass and wage of working men and women in Southern Europe
Note: BMI distribution histograms in the range 15–35 are shown horizontally and labelled on the
bottom axis (in light grey at left for women, in dark grey at right for men). Mean wages at each BMI
level is marked by a diamond and labelled on the top axis.
25Table 3: Coefﬁcients on BMI parameters (Northern and Southern European countries)
North South
(1) (2) (1) (2)
Men, 18–65
Linear speciﬁcation
BMI 0001 0002 0001 0001
Quadratic speciﬁcation
BMI 0054 0054 0040 0035
BMI squared  0001  0001  0001  0001
Estimated peak BMI 278 283 274 275
Piecewise constant speciﬁcation
BMI<18.5 (underweight)  0134y  0131y  0080  0072
25BMI<30 (overweight) 0012 0017y 0009 0009
BMI30 (obese)  0008 0000  0015  0012
Women, 18–65
Linear speciﬁcation
BMI  0004  0002y  0004  0004
Quadratic speciﬁcation
BMI  0016  0016 0006 0003
BMI squared 0000 0000  0000  0000
Estimated peak BMI > 35 308 < 15 < 15
Piecewise constant speciﬁcation
BMI<18.5 (underweight) 0011 0011  0009 0008
25BMI<30 (overweight)  0022y  0015  0038  0027
BMI30 (obese)  0039  0016  0059  0050
Notes: Model speciﬁcation (1) includes a quadratic function of age, indicator variables for educa-
tional attainment, marital status, bad health, being a smoker and a set of time and country dummies.
Model speciﬁcation (2) is as (1) with additional controls for occupation, sector and part-time em-
ployment.  and y indicate signiﬁcance at 1 and 5 percent levels respectively based on cluster
robust standard error estimates
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BMI
Northern Europe, Men, Model specification (2)
Note: Grey lines show semi-parametrically estimated wage-BMI proﬁles (with point-wise bootstrap
variability bands). Black lines are the corresponding parametric predictions from a piece-wise con-
stant, a linear and a quadratic model. Predictions are computed with all covariates (except BMI) set
at their sample means. Density estimates of the distribution of BMI in the sample is reported at the
bottom of each plot.
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15 20 25 30 35
BMI
Northern Europe, Women, Model specification (2)
Note: Grey lines show semi-parametrically estimated wage-BMI proﬁles (with point-wise bootstrap
variability bands). Black lines are the corresponding parametric predictions from a piece-wise con-
stant, a linear and a quadratic model. Predictions are computed with all covariates (except BMI) set
at their sample means. Density estimates of the distribution of BMI in the sample is reported at the
bottom of each plot.
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BMI
Southern Europe, Men, Model specification (2)
Note: Grey lines show semi-parametrically estimated wage-BMI proﬁles (with point-wise bootstrap
variability bands). Black lines are the corresponding parametric predictions from a piece-wise con-
stant, a linear and a quadratic model. Predictions are computed with all covariates (except BMI) set
at their sample means. Density estimates of the distribution of BMI in the sample is reported at the
bottom of each plot.
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15 20 25 30 35
BMI
Southern Europe, Women, Model specification (2)
Note: Grey lines show semi-parametrically estimated wage-BMI proﬁles (with point-wise bootstrap
variability bands). Black lines are the corresponding parametric predictions from a piece-wise con-
stant, a linear and a quadratic model. Predictions are computed with all covariates (except BMI) set
at their sample means. Density estimates of the distribution of BMI in the sample is reported at the
bottom of each plot.
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h
t
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c
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n
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e
r
s
)
N
o
r
t
h
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r
n
 
E
u
r
o
p
e
,
 
M
e
n
,
 
M
o
d
e
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
 
(
2
)
N
o
t
e
:
G
r
e
y
l
i
n
e
s
s
h
o
w
t
h
e
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
l
o
g
w
a
g
e
p
r
e
d
i
c
t
i
o
n
s
f
r
o
m
t
h
e
u
n
c
o
n
s
t
r
a
i
n
e
d
,
b
i
v
a
r
i
a
t
e
m
o
d
e
l
w
i
t
h
h
e
i
g
h
t
a
n
d
w
e
i
g
h
t
e
n
t
e
r
e
d
s
e
p
a
r
a
t
e
l
y
a
n
d
l
o
g
w
a
g
e
p
r
e
d
i
c
t
i
o
n
s
f
r
o
m
t
h
e
u
n
i
v
a
r
i
a
t
e
m
o
d
e
l
b
a
s
e
d
o
n
t
h
e
B
M
I
i
n
d
e
x
.
D
i
f
f
e
r
e
n
c
e
s
a
r
e
r
e
p
o
r
t
e
d
f
o
r
n
i
n
e
d
i
f
f
e
r
e
n
t
B
M
I
l
e
v
e
l
s
a
n
d
,
w
i
t
h
i
n
e
a
c
h
,
a
t
d
i
f
f
e
r
e
n
t
h
e
i
g
h
t
s
(
x
a
x
i
s
)
.
A
n
y
d
e
v
i
a
t
i
o
n
o
f
t
h
e
g
r
e
y
l
i
n
e
f
r
o
m
t
h
e
h
o
r
i
z
o
n
t
a
l
a
x
i
s
a
t
z
e
r
o
i
n
d
i
c
a
t
e
s
t
h
a
t
h
e
i
g
h
t
h
a
s
a
n
a
d
d
i
t
i
o
n
a
l
e
f
f
e
c
t
o
n
w
a
g
e
s
.
P
r
e
d
i
c
t
i
o
n
s
a
r
e
c
o
m
p
u
t
e
d
w
i
t
h
a
l
l
c
o
v
a
r
i
a
t
e
s
(
e
x
c
e
p
t
h
e
i
g
h
t
a
n
d
w
e
i
g
h
t
)
s
e
t
a
t
t
h
e
i
r
s
a
m
p
l
e
m
e
a
n
s
.
V
e
r
t
i
c
a
l
b
a
r
s
a
r
e
p
o
i
n
t
-
w
i
s
e
b
o
o
t
s
t
r
a
p
v
a
r
i
a
b
i
l
i
t
y
b
a
n
d
s
o
f
t
h
e
p
r
e
d
i
c
t
i
o
n
d
i
f
f
e
r
e
n
c
e
s
.
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r
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=
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e
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(
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n
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g
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,
w
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H
e
i
g
h
t
 
(
i
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c
e
n
t
i
m
e
t
e
r
s
)
N
o
r
t
h
e
r
n
 
E
u
r
o
p
e
,
 
W
o
m
e
n
,
 
M
o
d
e
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
 
(
2
)
N
o
t
e
:
G
r
e
y
l
i
n
e
s
s
h
o
w
t
h
e
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
l
o
g
w
a
g
e
p
r
e
d
i
c
t
i
o
n
s
f
r
o
m
t
h
e
u
n
c
o
n
s
t
r
a
i
n
e
d
,
b
i
v
a
r
i
a
t
e
m
o
d
e
l
w
i
t
h
h
e
i
g
h
t
a
n
d
w
e
i
g
h
t
e
n
t
e
r
e
d
s
e
p
a
r
a
t
e
l
y
a
n
d
l
o
g
w
a
g
e
p
r
e
d
i
c
t
i
o
n
s
f
r
o
m
t
h
e
u
n
i
v
a
r
i
a
t
e
m
o
d
e
l
b
a
s
e
d
o
n
t
h
e
B
M
I
i
n
d
e
x
.
D
i
f
f
e
r
e
n
c
e
s
a
r
e
r
e
p
o
r
t
e
d
f
o
r
n
i
n
e
d
i
f
f
e
r
e
n
t
B
M
I
l
e
v
e
l
s
a
n
d
,
w
i
t
h
i
n
e
a
c
h
,
a
t
d
i
f
f
e
r
e
n
t
h
e
i
g
h
t
s
(
x
a
x
i
s
)
.
A
n
y
d
e
v
i
a
t
i
o
n
o
f
t
h
e
g
r
e
y
l
i
n
e
f
r
o
m
t
h
e
h
o
r
i
z
o
n
t
a
l
a
x
i
s
a
t
z
e
r
o
i
n
d
i
c
a
t
e
s
t
h
a
t
h
e
i
g
h
t
h
a
s
a
n
a
d
d
i
t
i
o
n
a
l
e
f
f
e
c
t
o
n
w
a
g
e
s
.
P
r
e
d
i
c
t
i
o
n
s
a
r
e
c
o
m
p
u
t
e
d
w
i
t
h
a
l
l
c
o
v
a
r
i
a
t
e
s
(
e
x
c
e
p
t
h
e
i
g
h
t
a
n
d
w
e
i
g
h
t
)
s
e
t
a
t
t
h
e
i
r
s
a
m
p
l
e
m
e
a
n
s
.
V
e
r
t
i
c
a
l
b
a
r
s
a
r
e
p
o
i
n
t
-
w
i
s
e
b
o
o
t
s
t
r
a
p
v
a
r
i
a
b
i
l
i
t
y
b
a
n
d
s
o
f
t
h
e
p
r
e
d
i
c
t
i
o
n
d
i
f
f
e
r
e
n
c
e
s
.
E
s
t
i
m
a
t
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s
w
i
t
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v
a
r
i
a
b
i
l
i
t
y
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a
n
d
s
l
a
r
g
e
r
t
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a
n
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.
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5
a
r
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n
o
t
r
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p
o
r
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e
d
.
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c
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c
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(
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M
I
)
 
a
n
d
 
g
(
h
,
w
)
H
e
i
g
h
t
 
(
i
n
 
c
e
n
t
i
m
e
t
e
r
s
)
S
o
u
t
h
e
r
n
 
E
u
r
o
p
e
,
 
M
e
n
,
 
M
o
d
e
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
 
(
2
)
N
o
t
e
:
G
r
e
y
l
i
n
e
s
s
h
o
w
t
h
e
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
l
o
g
w
a
g
e
p
r
e
d
i
c
t
i
o
n
s
f
r
o
m
t
h
e
u
n
c
o
n
s
t
r
a
i
n
e
d
,
b
i
v
a
r
i
a
t
e
m
o
d
e
l
w
i
t
h
h
e
i
g
h
t
a
n
d
w
e
i
g
h
t
e
n
t
e
r
e
d
s
e
p
a
r
a
t
e
l
y
a
n
d
l
o
g
w
a
g
e
p
r
e
d
i
c
t
i
o
n
s
f
r
o
m
t
h
e
u
n
i
v
a
r
i
a
t
e
m
o
d
e
l
b
a
s
e
d
o
n
t
h
e
B
M
I
i
n
d
e
x
.
D
i
f
f
e
r
e
n
c
e
s
a
r
e
r
e
p
o
r
t
e
d
f
o
r
n
i
n
e
d
i
f
f
e
r
e
n
t
B
M
I
l
e
v
e
l
s
a
n
d
,
w
i
t
h
i
n
e
a
c
h
,
a
t
d
i
f
f
e
r
e
n
t
h
e
i
g
h
t
s
(
x
a
x
i
s
)
.
A
n
y
d
e
v
i
a
t
i
o
n
o
f
t
h
e
g
r
e
y
l
i
n
e
f
r
o
m
t
h
e
h
o
r
i
z
o
n
t
a
l
a
x
i
s
a
t
z
e
r
o
i
n
d
i
c
a
t
e
s
t
h
a
t
h
e
i
g
h
t
h
a
s
a
n
a
d
d
i
t
i
o
n
a
l
e
f
f
e
c
t
o
n
w
a
g
e
s
.
P
r
e
d
i
c
t
i
o
n
s
a
r
e
c
o
m
p
u
t
e
d
w
i
t
h
a
l
l
c
o
v
a
r
i
a
t
e
s
(
e
x
c
e
p
t
h
e
i
g
h
t
a
n
d
w
e
i
g
h
t
)
s
e
t
a
t
t
h
e
i
r
s
a
m
p
l
e
m
e
a
n
s
.
V
e
r
t
i
c
a
l
b
a
r
s
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r
e
p
o
i
n
t
-
w
i
s
e
b
o
o
t
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t
r
a
p
v
a
r
i
a
b
i
l
i
t
y
b
a
n
d
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o
f
t
h
e
p
r
e
d
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c
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i
o
n
d
i
f
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e
r
e
n
c
e
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.
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c
e
n
t
i
m
e
t
e
r
s
)
S
o
u
t
h
e
r
n
 
E
u
r
o
p
e
,
 
W
o
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,
 
M
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f
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a
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o
n
 
(
1
)
−
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−
.
1
0
.
1
.
2
−
.
2
−
.
1
0
.
1
.
2
−
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−
.
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=
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=
 
2
6
B
M
I
 
=
 
2
8
B
M
I
 
=
 
3
0
B
M
I
 
=
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=
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i
f
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r
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n
c
e
 
b
e
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w
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e
n
 
f
(
B
M
I
)
 
a
n
d
 
g
(
h
,
w
)
H
e
i
g
h
t
 
(
i
n
 
c
e
n
t
i
m
e
t
e
r
s
)
S
o
u
t
h
e
r
n
 
E
u
r
o
p
e
,
 
W
o
m
e
n
,
 
M
o
d
e
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
 
(
2
)
N
o
t
e
:
G
r
e
y
l
i
n
e
s
s
h
o
w
t
h
e
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
l
o
g
w
a
g
e
p
r
e
d
i
c
t
i
o
n
s
f
r
o
m
t
h
e
u
n
c
o
n
s
t
r
a
i
n
e
d
,
b
i
v
a
r
i
a
t
e
m
o
d
e
l
w
i
t
h
h
e
i
g
h
t
a
n
d
w
e
i
g
h
t
e
n
t
e
r
e
d
s
e
p
a
r
a
t
e
l
y
a
n
d
l
o
g
w
a
g
e
p
r
e
d
i
c
t
i
o
n
s
f
r
o
m
t
h
e
u
n
i
v
a
r
i
a
t
e
m
o
d
e
l
b
a
s
e
d
o
n
t
h
e
B
M
I
i
n
d
e
x
.
D
i
f
f
e
r
e
n
c
e
s
a
r
e
r
e
p
o
r
t
e
d
f
o
r
n
i
n
e
d
i
f
f
e
r
e
n
t
B
M
I
l
e
v
e
l
s
a
n
d
,
w
i
t
h
i
n
e
a
c
h
,
a
t
d
i
f
f
e
r
e
n
t
h
e
i
g
h
t
s
(
x
a
x
i
s
)
.
A
n
y
d
e
v
i
a
t
i
o
n
o
f
t
h
e
g
r
e
y
l
i
n
e
f
r
o
m
t
h
e
h
o
r
i
z
o
n
t
a
l
a
x
i
s
a
t
z
e
r
o
i
n
d
i
c
a
t
e
s
t
h
a
t
h
e
i
g
h
t
h
a
s
a
n
a
d
d
i
t
i
o
n
a
l
e
f
f
e
c
t
o
n
w
a
g
e
s
.
P
r
e
d
i
c
t
i
o
n
s
a
r
e
c
o
m
p
u
t
e
d
w
i
t
h
a
l
l
c
o
v
a
r
i
a
t
e
s
(
e
x
c
e
p
t
h
e
i
g
h
t
a
n
d
w
e
i
g
h
t
)
s
e
t
a
t
t
h
e
i
r
s
a
m
p
l
e
m
e
a
n
s
.
V
e
r
t
i
c
a
l
b
a
r
s
a
r
e
p
o
i
n
t
-
w
i
s
e
b
o
o
t
s
t
r
a
p
v
a
r
i
a
b
i
l
i
t
y
b
a
n
d
s
o
f
t
h
e
p
r
e
d
i
c
t
i
o
n
d
i
f
f
e
r
e
n
c
e
s
.
E
s
t
i
m
a
t
e
s
w
i
t
h
v
a
r
i
a
b
i
l
i
t
y
b
a
n
d
s
l
a
r
g
e
r
t
h
a
n
0
.
4
5
a
r
e
n
o
t
r
e
p
o
r
t
e
d
.
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